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ABSTRACT: A new dual-polarized compact crossed-notched dielectric resonator antenna (DRA) with high-gain and wideband perfor-
mance is proposed for low-band massive multiple-input multiple-output (MIMO) applications at the 700 MHz band of 5G new radio (5G
NR) technology. The DRA element consists of three dielectric layers with relatively high relative permittivity constants (e,1 = 15 for
the bottom and top layers and €,2 = 23 for the middle one) for a compact antenna. Characteristic mode analysis (CMA) of a rectangular
DRA reveals that two pairs of degenerate modes, namely M2/M3 and M4/M35, resonating at 0.4 and 0.6 GHz respectively can be used
to achieve dual polarizations with a proper feeding strategy. By jointly reshaping the conventional DRA along with adding a notch
into the middle dielectric layer, the two pairs of degenerate modes are merged to produce a broad bandwidth with a compact size of
0.2 max X 0.2 max (Amax being the wavelength at low-frequency point). The measured results show an impedance bandwidth of 13.15%
(710 MHz—-810 MHz) and an isolation of less than —17 dB. Furthermore, the antenna exhibits a good radiation pattern over the working
band with a high gain of 7 dB. Finally, the proposed element is tested in a massive MIMO system of 3 x 4. The results exhibit a wideband
of 17.7% and high isolation of more than 12 dB along with a stable gain of 5 dBi within the operating band.

1. INTRODUCTION

Nowadays the demand for high capacity and large through-
put rate in wireless communications is substantially ris-
ing. For this, 5G massive MIMO technology is a good solution
that has been widely investigated in recent years. However,
most work has been undertaken on high-frequency bands (fre-
quencies above 1.7 GHz). So, the possibility of increasing the
MIMO order in the low-frequency bands (frequencies below
1 GHz) is very promising and challenging. On the one hand, the
application of massive MIMO at the lowest 5G band will enable
a wider coverage, essential for covering a massive number of
[oT devices. On the other hand, designing a small antenna at
a low frequency (700 MHz) band is very hard because of the
inherent large size in a limited space. Therefore, the need for
compact and miniaturized broadband antennas along with high
gain performance is in high demand for massive MIMO ap-
plications. Finally, dual-polarization radiation is requested to
increase channel capacity and reduce multipath effect because
of polarization diversity.

In recent years, several wideband dual-polarized antennas
based on conventional geometries have been developed for 5G
base station applications such as dipoles [1, 2], patches [3-5],
and slot antennas [6,7]. However, most of the previous de-
signs suffer from relatively large sizes and need larger band-
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widths. Recently, DRAs have received much attention owing
to their properties such as the elimination of conductors’ ohmic
losses and high gain. Mostly, DRAs are designed in substrates
with high relative dielectric permittivity constant €, (usually
larger than 7) which means that the DRAs are compact designs
[8]. For more compactness, higher ¢, values are used. This is
achieved at a price of both a severe degradation in the band-
width due to the high-quality factor Q and low gain. This prob-
lem can be seen in [9], where a relative permittivity of 38 was
used to miniaturize a dual-polarized and dual-band DRA down
to 0.14 \pax X 0.14\ax but with a tiny 4% bandwidth and a
gain as low as 2.8 dB. In [10], to overcome the previous draw-
backs, a monolithic DRA with a high permittivity of 20.5 and
two loaded metallic strips on the bottom of the cross dielec-
tric, working as electric dipoles are used to excite a resonant
pole and, at the same time, used to excite the mode T'EY; of the
DRA. These changes resulted in a 15% wideband with a stable
high gain (8.5 dBi) over the frequency band. However, the size
is somewhat large, 0.38 A\pax X 0.38 A\pax, Which might not be
suitable for massive MIMO base station applications.

Several other compact and/or broadband DRA designs have
been proposed [11-15]. In [11], a metasurface loads the DRA
along with a pair of shorting conducting walls. The metasur-
face generates an extra resonance while the shorting walls con-
tribute to lowering the frequency. Although the bandwidth is
increased up to 17% in compared with the unloaded DRA, the
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FIGURE 1. Current MIMO base station array (a) and new massive MIMO solution (b).

overall size is around half-wavelength 0.52\ax X 0.52A\ax. A
hybrid feeding circuit with conformal strips is used to excite a
DRA, and as a result, a wide bandwidth of 21.9% and a com-
pact size of 0.44\ax X 0.44 A\« are achieved [12]. Similarly,
a new microstrip pair of coupled slots is used to feed and ex-
cite three modes of a DRA [13]. Consequently, a wide band
of 20.3% is achieved, but at the expense of its large size of
0.63Amax X 0.63A\nax. The use of artificial magnetic conduc-
tors has also been used to achieve a highly compact DRA de-
sign [14]. The miniaturization of 85% in size is obtained along
with a bandwidth of 14.2%. A different idea is presented in
[15] where a compact DRA design of size 0.4 Apax X 0.4Amax
is achieved by using a conductive feeding assembly composed
of a feeding network to excite a first DRA mode and a feeding
probe to excite a second DRA mode. However, the resultant
bandwidth is 9.5% which remains relatively low in compari-
son with the needs in wireless communications. Other works
for 5G MIMO applications have been developed [16-23]. To
the authors’ knowledge, no compact, high-gain, and wideband
DRA has been reported in the literature for massive MIMO 5G
applications in the low-frequency band.

This work departs from our initial study [24] which mainly
aimed at addressing the challenge of achieving massive MIMO
in the 700 MHz band. This will need, at the same time, minia-
turization of the radiating element while keeping good radiation
performance such as high gain and wideband. Consequently,
more transceiver (TRX) columns can be included without sig-
nificantly increasing the total size of the array antenna. The in-
crease of TRX columns would require either changing the chas-
sis of the base transceiver station (BTS) antenna, which is not
possible or reducing the size of the radiating element. The cur-
rent MIMO base stations (See Fig. 1(a)) consist of vertically
arranging the subarrays (namely 2 x 4 or 2 X 5) in a size of
1.19X x 3.6 [25]. The solution that we propose consists of a
new massive MIMO structure that reduces the size of the radiat-
ing element and horizontally places the whole system. We note
that this selection is made after testing two massive MIMO sys-
tems placed initially vertically and later horizontally in terms
of cell throughput which revealed that the latter one outper-
forms the vertical option. In this way, a much larger number
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of subarrays will be supported by the current configuration, as
seen in Fig. 1(b). Therefore, for miniaturization purposes, we
use the high permittivity constant technique to design a com-
pact multi-layer crossed-notched dielectric resonator antenna of
size 0.2\ max X 0.2A\nax. Although this technique results in nar-
row bandwidth [26], adding a notch into the middle layer of the
DRA allows us to achieve a wide bandwidth of 18.2%. The rest
of the paper is organized in the following way: Section 2 dis-
cusses the design of the single radiating element and its working
principle based on characteristic mode analysis (CMA) and di-
electric waveguide model (DWM). The simulated results and
discussions including a unit cell antenna that is examined in a
massive MIMO scenario are presented in Section 3. Fabrica-
tion and measurements are presented in Section 4. Finally, a
conclusion is given in Section 5.

2. PROPOSED COMPACT BROADBAND AND DUAL-
POLARIZED DIELECTRIC RESONATOR ANTENNA

2.1. Proposed Antenna Design

The proposed crossed-notched dielectric resonator antenna is
shown in Fig. 2. It is composed of three dielectric blocks with
different relative permittivities (¢,1 = 15 with a loss tangent
of 0.001 for the bottom and top blocks and €,; = 23 with a
loss tangent of 0.0037 for the middle one), and a ground plane.
The first block is an inverted crossed horn with a bottom size
0f 0.13Aax X 0.13A\ax and an upper one of 0.2 Aax X 0.2 Amax,
whereas the second and third blocks are crossed-hexagonal with
dimensions of 0.2 Ap,x X 0.2A\nax. The height of the proposed
DRA is 95mm which is equal to 0.22\,.x at 700 MHz and
clearly fits the chassis of any modern BTS antenna. To get
broadband performance a notch is inserted in the middle dielec-
tric block together with changing the DRA geometry. Four-pin
probes are used to feed the antenna and achieve +45° dual-
polarization radiation as summarized in Table 1. It is worth not-
ing that practically such a feeding method is achieved by insert-
ing power dividers along with a phase shifter of 180° based on
a meandered line for compactness purposes. Finally, in order
to maintain the mechanical stability of the design, four screws
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FIGURE 2. Proposed crossed-notched DRA.

TABLE 1. Feeding scheme of the dual-polarized DRA.

Port 2 (A(¢-°), A(¢-7))

(0(0),0(0))

Ports  Port 1 (A(¢-°)*, A(9-°))
+45° (1(0), 1(180))
—45° (0(0),0(0))

(1(0), 1(180))

* A(¢-°) represents the amplitude and the phase of the prot respectively.

TABLE 2. Optimized values of the proposed antenna.

Param. Wy Lp g Wyes Lres Hi Hx Hiz Lypest d L
Value [mm] 150 150 14 32.6 110 11 5 79 734 153 22

have been added to the ground plane. The optimized values of Firstly, the CMA is applied to Antl. The simulations are

the proposed antenna are given in Table 2. done using FEKO software. The CMA setup consists of plac-

ing the DRA in the absence of the feeding source over an in-

finite ground plane which, according to image theory, will re-

2.2. Proposed Antenna Element and Working Principle duce the DRA height by half, thus the computation time will

be decreased as well. The MS of the first 8 modes of Antl is

To understand the working principle of the proposed DRA, four dlsplayeq m Fig. 4. We note that other mod'es can exist. To g_et

design steps have been undertaken. The evolution steps of the a clear vision of the modes, the c'orrespon('hng. modal magnetic

proposed design are presented in Fig. 3 and analyzed using field at t.he resonance freguency is shown in Fig. 5. On the one

characteristic mode analysis (CMA) [8,27]. Here, CMA is used hand, with refc?rence ,to Fig.4, one can see that mode. 1 resonatf:s

as a guide tool to analyze the DRA so that proper modes can at0.55 GH,Z w1th2%w1de badeIdth [8]; hower:r,.thls mode will

be excited efficiently to achieve +45° dual polarizations with not be e).(01ted as its electric ﬁe!d component is in phase .along

broadband performance. The convenient way to show the reso- the 2 —ax1}sl (not shown for brevity). On the other hand, it can

nant frequency is modal significance (MS) which is defined as be seen that modes 2/3 and 4/5 are degenerat.e modgs. MO‘}fs

[8]: 2/3 resonate at 0.434 GHz, and they are associated with T E}7Y

’ MS — 1/11 4 i\ | in the dielectric waveguide model (DWM) [28,29] as clearly

) ) =1/ 452l ) ) 1 indicated in Figs. 5(b) and (c), whereas modes 4/5 resonate

where A, is the eigenvalue solve'd ftom the generalized eigen- at 0.52 GHz which corresponds to TET;Y% in DWM (shown in

value equation. When M S = 1 indicates that the mode. is res- Figs. 5(d) and (e)). This will be extensively proven in what

onant and can radiate, MS = 0 shows .that the mode is non- follows. We note that the origin of degeneracy is due to the
resonant; therefore, the mode cannot radiate.
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FIGURE 4. Modal significance of the reference Antl for the first eight
modes.

equal length of DRA along the x- and y-axes. Mode 6 has a
resonance at 0.56 GHz and is associated with T'E{;,. Finally,
modes 7 and 8 resonate at 0.65 and 0.74 GHz, respectively. To
examine which modes could be excited to obtain dual slant po-
larizations, the modal weighting coefficient MWC) [8,27,30]
is examined in Fig. 6. The MWC is obtained in the presence of
differential feeding ports along the diagonal of the DRA (See

Antl in Fig. 3) and is expressed as
/ / J.E'ds  (2)
s

where E is the induced external electric field at the surface
S. The MWC shows into which mode most of the power is
coupled. Since the DRA is symmetric, only one differential
feeding is excited (port 1 (+1, —1)). As expected, modes 2
and 4 are selectively excited as their MWC presents a maxi-
mum value around the frequency points of 0.4 and 0.6 GHz.

<Jn,E'> 1
144N, 144\,

MWC =
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The same trace of MWC will be obtained in case port 2 is ex-
cited where modes 3 and 5 will be excited. This demonstrates
that dual polarization radiation can be achieved at two distinct
frequencies. Therefore, to achieve a wideband performance in
the DRA, a reshaping technique of the DRA has to be done.

We note that modes TEY;%,, (n = 1,2, 3, ...) are eliminated
by the presence of the ground plane [31].

These results are very consistent with the dielectric waveg-
uide model (DWM) [29] (See Table 3). According to this
model, the resonance frequency can be calculated by the fol-
lowing equations [29]:

C
Jrnt = o K2+ k2 + k2 A3)
where
I kb
ky = %; kZ:Q—Z; k, tan (2>: (er—1)k2—k2.(4)

k24 k2 + k2 = kg (5)

Secondly, it is expected that the characteristic mode analysis
of Ant2 will be similar to that of Antl with the only differ-
ence being the use of two different relative permittivities (15
for the bottom and top layers and 23 for the middle one) which
decreases the effective permittivity as shown in what follows.
Hence, the CMA for this case is omitted.

Then, in an effort to bring the two pairs of modes closer
to each other, thereby improving wideband performance, three
main changes have been introduced into Ant2. First, the DRA’s
shape is modified to a cross-shape which constitutes the so-
called Ant3. This has shifted the two pairs of degenerated
modes to high frequencies as seen in Fig. 7. Compared to the
MS of Antl, it is observed that the modes are brought slightly
together, but such difference is still not enough to achieve the
broadband design. In the second modification, for more con-
trol of the two pairs of modes, the first dielectric block is mod-
ified to be horn-like (Ant4). From the MS of Ant4 in Fig. 8,
it is seen that although the two pairs of degenerated modes are
shifted to each other compared to Ant3, the broadband perfor-
mance would be hard to attain. Therefore, another change must
be added. We note that the MWC of these two antennas is not
shown since the modes are not close enough to achieve wide-
band radiation.

Finally, adding a notch in the middle dielectric block allows
additional degrees of freedom when being combined with the
previously described geometrical modifications leading to the
proposed design and enabling us to get broadband behavior.
With respect to Fig. 9, it is seen that all modes are shifted to-
wards the high-frequency band. One can also see that the band-
width of the two pairs of degenerate modes is enhanced. More
importantly, the two pairs are much more close to each other
which may result in a wideband performance. Again, due to
the symmetry of the design, only one differential port is ex-
cited as in Antl to examine MWC. Fig. 10 demonstrates that
modes 2 and 4 are selectively excited. Therefore, broadband
and dual polarization features can be obtained by careful tun-
ing of remaining DRA parameters.

WWwWw.jpier.org
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FIGURE 5. Modal dominant magnetic field components of the 8 modes. (a) H, mode 1, (b) H, mode 2, (c) H, mode 3, (d) H, mode 4, (¢) H;
mode 5, (f) H. mode 6, (g) H, mode 7, (h) H, mode 8.
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FIGURE 6. Modal weighting coefficient of the reference Antl with one differential port.
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FIGURE 7. Modal significance of the Ant3 for the first eight modes. FIGURE 8. Modal significance of the Ant4 for the first eight modes.

3. SIMULATION RESULTS AND DISCUSSIONS simulation is performed in HFSS. Fig. 11 shows the reflection

coefficients of the evolution design steps. As it has been men-
3.1. Antenna Element tioned, to achieve dual slant polarizations (+45°) the antenna
To verify the performances of the reference antennas shown in is fed through two differential ports along the diagonal (Fig. 1):
Fig. 3 with actual probes and finite ground plane, a full wave port 1 (+1, —1) and port 2 (+1, —1). The S-parameters of the
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TABLE 3. Comparison between DWM, CMA, and full-wave simulation of resonances of Antl.
Modes fres(DWM)[GHz] fres(CMA)GHZ] fres(HFSS)[GH?2
TEDY 0.416 0.434 (M2/M3) 0.403
TE%Y 0.635 0.643 (M4/M5) 0.630
HM NA 0.75 (M8) 0.79
0 0
5F
5
o -107
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——Ant1 D15 =10 mm
Ant2 —g=12 mm
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FIGURE 11. Reflection coefficient of the different reference antennas of FIGURE 12. Effect of the variation of the gap height g on the reflection
Fig. 3. coefficient.
two differential ports are given as follows [32]: Antl covers a small bandwidth of 2% at 0.63 GHz because of
the high permittivity. In the second step, a multi-layer rectan-
Sga11 = (S11 4 S22 — S12 — S21)/2. (6) g1p 4 P yerre
gular DRA (the bottom and top layers have a permittivity of
Saa1z = (S13 + S24 — S1a — S23)/2. ™ €1 = 15, and the middle one of €,5 = 23) is presented and de-
Saaz1 = (S31 + Sa2 — Su1 — S32)/2. (® noted as Ant2. This arrangement slightly shifted the resonances
Sado2 = (S33 + Sag — S3a — Su3)/2. 9) towards high frequencies in comparison with Antl. This is due

to the low effective dielectric constant of the whole DRA design

We note that as the four designs are symmetric, only Sgai1 which can be calculated according to [33] as follows:

and Sgq10 are presented for the sake of brevity. As expected
from CMA and DWM, the modes 2/3 (T'F111), 4/5 (T E113),

and 8 (which is considered hybrid mode (HM)) are excited, and I+ Hp + Hs

Coff = )
17 Hy/er1 + Hafera + Hs /€1

(10)
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Fig. 3.

This results in an effective permittivity of 21.5 which is rela-
tively low compared to Antl. However, the bandwidth remains
very small to cover the targeted band. It is also observed that
the matching is generally improved [33]. We note that since
the resonance frequency around 0.8 GHz (mode 8) presents a
null in the radiation pattern along the +z axis its gain is low
(Fig. 13), so it is highly preferred to either avoid its excitation
or eliminate it by shifting it outside the working band. To get
rid of the resonance frequency at 0.75 GHz since its gain is low,
the shape of Ant2 is changed to a cross-shaped antenna (Ant3).
This results in a high gain within the working band as clearly
seen in Fig. 13; however, the band is still not improved which
means that more modifications in the DRA are needed. There-
fore, Ant4 is adopted which yields a good improvement in the
matching as shown in Fig. 11. Additionally, it is seen that the
two resonant frequencies are closer which is consistent with our
characteristic mode analysis done in the previous section. It is
important to note that such a cross-shaped structure is adopted
to decrease the mutual interaction of the DRA elements in the
array arrangement and decrease the weight of the whole an-
tenna, especially when hundreds of antennas would be mounted
on the base station tower for massive MIMO applications.

Finally, to improve the bandwidth and matching of the Ant4
to cover a wider frequency band, a notch is inserted into the
second layer. As a result, the two fundamental modes T F11;
(modes 2/3) and T E113 (modes 3/4) are shifted to 0.63 GHz
and 0.8 GHz, respectively, and get much closer to each other,
whereas the mode at 0.8 GHz is moved up to the high-frequency
band and does not appear here as shown in Fig. 4. This has
been verified by examining the magnetic field in the xz and yz
planes and is not shown here for brevity. One can also observe
a significant enhancement in the matching (from 1dB to 7 dB at
0.75 GHz); therefore, the bandwidth is improved and reaches a
value of 20.6%.

To show the effect of the notch on the bandwidth, a paramet-
ric study of the height of the notch g is given in Fig. 12. One
can notice that as the gap increases the bandwidth improves.
The best-optimized value is selected to be 14 mm.
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FIGURE 14. Simulated efficiency of the proposed antenna.

Finally, the total and radiation efficiencies of the proposed
antenna over the frequency are shown in Fig. 14. The proposed
design exhibits a high radiated efficiency of more than 85%,
whereas the total efficiency decays a bit due to the non-perfect
matching, but it is still more than 80% within the working band.
We note that the drastic decay outside the operating band is due
to the bad matching of the proposed antenna as shown in Fig. 11.

Table 3 summarizes the comparison between resonance
frequency obtained by HFSS full-wave simulation (Fig. 11),
CMA, and DWM theory. A good agreement among the three
methods is achieved.

3.2. Antenna Element Unit Cell in Massive MIMO System

For testing purposes, the proposed single DRA antenna has
been included in a 3 x 4 array as shown in Fig. 15. The dimen-
sion of the single DRA (0.2 x 0.2)) allows the development
of the previous array with 1.29)\ x 1.5\ and an inter-element
distance d, and d,, along the z- and y-axes is 0.4\ which cor-
responds to the truncated subarray in Fig. 1. In this subarray,
the antenna unit cell under test is the so-numbered 6" antenna
which is surrounded by a dotted rectangle as shown in Fig. 15.
Two metallic baffles are used to reduce mutual coupling be-
tween adjacent subarrays. The unit cell performances are ex-
amined for the nearest neighboring radiating element (namely
the 24, 5t 7th ‘and 10*" elements). Moreover, the +45° and
—45° polarizations of each element are denoted by T and B,
respectively. The simulated S-parameters of the previous ele-
ments are presented in Fig. 16. The unit cell antenna in the mas-
sive MIMO scenario exhibits a wide bandwidth of 17.7% rang-
ing from 0.67 to 0.8 GHz, whereas the coupling between the
nearest neighboring unit cells is more than 13 dB in the whole
band. The simulated gain and the realized gain of the unit cell
antenna are examined and shown in Fig. 17. A stable gain of
more than 5 dB is noticed over the operating band. The sim-
ulated radiation pattern of the unit cell antenna at 0.72 GHz is
illustrated in Fig. 18.
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sive MIMO system at 0.72 GHz (element 6).
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FIGURE 17. Simulated gain of the unit cell antenna in massive MIMO
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4. EXPERIMENTAL RESULTS AND DISCUSSIONS

A prototype is fabricated and measured to verify the DRA de-
sign’s performance. The DRA element has been manufactured
by injection molding and followed in the second step by com-
puter numerical control (CNC) machining. Each block of the
DRA is formed by gluing several thin plaques of 2.3 mm pre-
pared from Preperm H2300HF and HI1500HF materials with
dielectric constants of 23 and 15 and loss tangents of 0.001 and
0.0037, respectively [34]. We note that other dielectric mate-
rials with similar dielectric properties are commercially avail-
able such as Magnesium Titanate (¢, = 16) and Lithium Ferrite
(e, = 20) from Hiltek Microwave Ltd [35, 36].

Figure 19 shows the assembly of the fabricated antenna. It
is composed of three separated blocks that are stacked together
with the help of plastic support (Fig. 19(b)).

Figures 20(a) and (b) show a comparison between the sim-
ulated and measured parameters of the 1 x 4 subarray config-
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FIGURE 21. Simulated and measured radiation patterns of the proposed DRA (a) 700 MHz (b) 750 MHz (c) 800 MHz.
uration (Fig. 15) and the simulated isolated DRA element. A is less than —60 dB within the operating band. This value is
good agreement can be noticed for the Sy, for either the array consistent with the differential feed that can suppress unwanted
or the single DRA. The simulated bandwidth is 18.2% (0.65— modes. When moving towards the array configuration, we can
0.78 GHz) for the single DRA, whereas the simulated and mea- see that the isolation is decreased but with a good agreement
sured ones associated with the middle subarray in Fig. 15 are between simulation and measurement for values lower than
a bit narrower 13.15% ranging from 0.71 to 0.81 GHz which is —17 dB over the working band.
due to the array effect (See Fig. 20(a)). Fig. 20(b) shows the Finally, Fig. 21 shows the proposed DRA’s simulated and
simulated isolation between ports for the single DRA, which measured radiation patterns at different frequencies (700, 750,
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TABLE 4. Comparison with recent works.

Ref. year Bandwidth Polarization Size (A X A) Profile (\) Peak gain (dBi) XPD (dBi)
[37] 2022 680-970 MHz (35%) +45° 0.33 x 0.33 0.27 6.5 > 18
[38]12020 4.79-5.03 GHz (4.88%) +45° 0.5 x 0.5 0.05 8.45 > 20
[39]12018 3.28-3.73 GHz (12.9%) +45° 0.33 x 0.33 0.21 7 > 20
[40] 2022 4.4-5 GHz (12.8%) H-V 0.47 x 0.74 0.11 54 > 20
[22]12021 2.496-2.690 GHz (7.5%) +45° 0.3 x0.3 0.12 6 > 10
[41]2022 25.93-30.25 GHz (15.5%) +45° 0.34 x 0.36 0.1 6.8 > 15
[10]2022 3.25-3.85GHz (16.5%) +45° 0.38 x 0.38 0.14 8.2 > 24
Our work  710-810 MHz(13.15%) +45° 0.2x0.2 0.2 7 > 15
and 800 MHz). We note that since the design is symmetrical, REFERENCES

horizontal and vertical planes are identical; therefore only one
plane is shown here. One can observe stable radiation over the
band with a good agreement between simulation and measured
results. The cross-polarization level is more than 35 dB in the
broadside direction in addition to a good front-to-back ratio.

Finally, Table 4 highlights the advantages of the proposed de-
sign compared with recent similar works. It is clearly seen that
the proposed antenna presents the smallest size with a wide-
band and high gain. Although some works present a low pro-
file such as [22, 37], their narrow band and large size limit their
application in massive MIMO applications where the space is
restricted.

5. CONCLUSION

This paper presents a new compact DRA (0.2 x 0.2)) antenna
with broadband and high gain radiation for MIMO array base
station application. The miniaturization is achieved through a
high permittivity technique which usually results in a narrow
bandwidth. Therefore, CMA is used as a guiding tool to ana-
lyze a standard DRA, revealing that a pair of degenerate modes:
M2/M3 and M4/MS5 resonating at 0.4 GHz and 0.63 GHz can be
used for dual-polarization performance providing that proper
feeding is selected. Accordingly, reshaping the DRA in a cross-
shaped along with an inserted gap showed that the two pairs are
brought closer for broadband performance. As a result, a band-
width of 21.6% is obtained with miniaturized size. Finally, the
antenna element is examined in a massive MIMO configuration
of 3 x 4, where good radiation performances are obtained.
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